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Calcium oxide (CaO) nanoparticles have been successfully synthesized from duck eggshells using ball milling 
method followed by simple calcination at 700 °C for 7 hours. The observation on the morphology, size and 
shape of the particles of the eggshells powder was conducted through scanning electron microscope (SEM). The 
milling time was varied, i.e. 2, 6, 10, and 20 hours to observe the difference in the size of the produced particle. 
SEM images show that the smallest average particle diameter is 520 nm, achieved by 20 hours of milling. When 
the particles were calcined, the average diameter was further reduced to 394 nm. The X-ray diffraction (XRD) 
analysis shows that the resulting particles contain calcium oxide, calcium hydroxide, and calcium carbonate.  
 






Duck eggshells are often considered as 
waste without any significant use. This view 
can be proven wrong, however, since it was 
already found that eggshells contain up to 96% 
calcium carbonate and many other inorganic 
materials such as magnesium, phosphorus, and 
a variety of trace elements  (Hincke et al., 
2004). The high content of calcium carbonate 
from the eggshells can then be extracted and 
used for drugs, pharmaceutical, industries, 
drug delivery system, food supplement for 
livestock, toothpaste, paper, bioplastic, 
component in inkjet for paper layer, and as 
replacement of chalk or supplement calcium in 
agriculture. Additionally, it can be used to 
assist the process of hydrogen purification, 
insect eradicator, fertilizer, catalyst production 
and production of calcium oxide (Ashok et al., 
2015; Kamba et al., 2013). 
By processing the eggshell powder 
further, pure calcium oxide (CaO)  
(Shakhashiri, 2003) and hydroxyapatite 
(Khandelwal and Prakash, 2016; Rivera et al., 
1999) can be obtained. There are numerous 
potential application of calcium oxide (CaO) 
and hydroxyapatite such as catalyst (Shi et al., 
2017), absorbent (Chraibi et al., 2016),  bio-
filter (Yew et al., 2014), and cement 
production (Ansari et al., 2016). 
CaO is a white solid crystal material, 
which could be synthesized from eggshells by 
calcination at 500-600 °C (Shakhashiri, 2003). 
The reaction of the duck eggshell powder 
calcination is the conversion of CaCO3 to CaO 
and CO2, as follows: 
 
     ( )     ( )      ( ) 
 
The eggshell powder can be produced by 
a mechanical process such as ball milling 
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methods. Ball milling is a low cost and 
environmentally friendly method which can be 
used for massivescale production to produce 
nanostructured eggshell powder (Gorrasi and 
Sorrentino, 2015). 
This paper reports the synthesis and 
characterization of calcium oxide nanoparticles 
synthesized from duck eggshells through ball 
milling and simple calcination method. The 
duck eggshells were specifically chosen since 
it has a higher amount of calcium carbonate 
compared to chicken eggshells (Dewi et al., 
2014). The milling time was varied from 2 to 
20 hours to observe the difference in the size 
of the particle produced. The morphology of 
the powder was examined using scanning 
electron microscope (SEM) while the 
crystallinity was investigated using X-Ray 
Diffraction (XRD) 
 
2. MATERIALS AND METHODS 
The duck eggshells were collected as 
waste from traditional food sellers. The 
eggshells were separated from shell 
membranes and then cleaned by using water, 
while the dirty parts were brushed off. 
Furthermore, 385 grams of duck eggshells 
were milled using the ball milling reactor at 
100 rpm. The number of milling balls used was 
eight balls, with average diameter of 18 mm. 
The schematic diagram of the ball milling 
reactor used is shown in Figure 1.  
 
Figure 1. The schematic diagram of the ball milling 
reactor for the fabrication of duck eggshell powders 
(Abdullah, 2008). 
 
In order to analyze the effect of 
milling time, some sample of milled powder 
was taken every 2 hours as shown in Table 1. 
One gram of duck eggshell powder from 
sample A, C, and D (each was milled for 2, 10, 
and 20 hours, respectively) was calcined at 700 
o
C for 7 hours to obtain calcium oxide 
nanoparticles. The morphology of eggshell 
powder before and after calcination was 
analyzed using a scanning electron microscope 
(SEM). The average diameter of eggshell 
powder before and after calcination was 
determined from SEM image of the eggshell 
powder. The crystal structure of calcium oxide 
powder was characterized using X-Ray 
diffraction (XRD). 
 










  ball 
1 A 2 100 18.04 18 
2 B 6 100 18.04 18 
3 C 10 100 18.04 18 
4 D 20 100 18.04 18 
 
 
3. RESULTS AND DISCUSSION 
Figure 2 shows the SEM images of 
duck eggshell powder obtained by ball milling 
eggshell samples for 2 hours (sample A), 6 
hours (sample B), 10 hours (sample C) and 20 
hours (sample D). As shown by the SEM 
images, the shape of the particles in sample A 
(Figure 2a) were irregular and agglomeration 
was found. The agglomeration of particles was 
caused by the strong bonds between the natural 
proteins with calcium ion (Ca
2+




Figure 2. SEM images of duck eggshell powders 
after being milled for (a) 2 hours (sample A), (b) 6 
hours (sample B), (c) 10 hours (sample C), and (d) 
20 hours (sample D). 
 
In Figure 2b and 2c, the eggshell was 
milled continuously for a longer milling time, 
which then caused the particles to collide more 
frequently. The particles were then split and 
shrank until the size of the eggshell powder 




became smaller and the proteins that bind the 
calcium were removed. As the milling time 
was increased further, the size of the powder 
became smaller as depicted in SEM images  
(Figure 2d) proving that, in general, the longer 
the milling time the smaller the powder will be 
produced. The collision between the milling 
balls and the eggshells will remove and 
separate the proteins which stick on the 
calcium carbonate. 
Figure 3 presents the correlation 
between milling time and the average diameter 
of the eggshell powders. The average diameter 
of eggshell powders was decreased with 
increasing milling time. The diameter 
reduction is made by impact as the milling 
balls drop to the top surface of the eggshell 
powders. The milling process can thus reduce 
the size of the powder without changing the 





Figure 3.Size distribution of the eggshell powder 
after milled for 2, 6, 10, and 20 hours (sample A, B, 
C, and D respectively). 
 
 
The eggshell powder samples were 
calcined. During calcination, the eggshell 
powders were thermally decomposed to form 
mainly calcium oxide. The calcination process 
reduced the total weight of the powder since 
several elements like carbon and oxygen were 
released. At 200 °C, water contained in the 
samples was evaporated due to heat while all 
organic components, such as protein, were 
oxidized at 450 °C. The thermal decomposition 
process, in which the calcium carbonate 
(CaCO3) turned into calcium oxide (CaO), 
occurred at 540
 
°C (Dasgupta et al., 2004). 
Therefore, the eggshell powders were calcined 
at 700
 
°C for 7 hours in order to successfully 
produce CaO powder after the whole process 
took place. Figure 4 shows the eggshell 
powder after being calcined at 700
 
°C for 7 
hours with variation of milling time for sample 




Figure 4. The calcined eggshell powder (700
 
°C, 7 






Figure 5. SEM Images of the calcined eggshell 
powders (700 °C, 7 hours) for sample (a) A, (b) C, 
(c) D. 
 
After calcined, the eggshell powder 
samples result in different color as shown in in 
Figure 4. The color of sample D was brighter 
than sample A and C. Sample A has darker 
color than sample C and D. This color 
difference might be caused by the difference in 
the degree of completeness of thermal 
decomposition. High temperature calcination 
causes bonds between the granules to get 
smaller, shrinking the pores, and produce 
white powder (Kurniawan et al., 2014). The 
brighter/whiter sample color indicates that a 
complete chemical transformation from CaCO3 
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2012). SEM images and particle size 
distributions of the calcined eggshell powders 




Figure 6. Particle size distribution of the calcined 
eggshell powders milled for 2, 10, and 20 hours 
(sample A, C, and D respectively). 
 
 
From figure 5, it can be seen that the 
particles size of sample A were larger and 
more agglomerated than sample C and D. 
Calcination process can reduce the diameter of 
eggshell powder particles. In the calcination 
process, the particles vibrate to each other, thus 
the particles split and become smaller. 
However, the difference in particle size 
between sample A, C, and D were caused by 
the difference of milling time, because the 
calcination temperature and duration for the 
three samples were the same. From figure 6, it 
can be seen that sample D has the smallest 
average particle diameter, i.e. 394 nm. 
 
 
Figure 7. X-Ray Diffractogram of the calcined 
eggshell powders (700
o
, 7 hours) milled for 2, 10, 
and 20 hours (sample A, C, and D respectively). 
The calcined sample A, C, and D were 
then analyzed using X-Ray Diffractometer 
(XRD). The diffractogram of the three samples 
can be seen in Figure 7. From Figure 7, it can 
be seen that all three samples still contain 
CaCO3, but with different amount. The 
intensity of CaCO3 diffraction peaks was 
higher in sample A, which was milled for only 
2 hours than sample C and D. The short 
milling time causes bigger particle size, hence 
smaller surface area, which causes the thermal 
decomposition reaction goes slower. The 
reaction did not fully completed. Beside 
CaCO3 diffraction peaks, Ca(OH)2 and CaO 
peaks were observed on the three samples. 
Ca(OH)2 diffraction peaks were present 
dominantly due to reactive moisture adsorption 
(Tangboriboon et al., 2012). This might be 
caused by sample contact to air moisture. CaO 




Calcium oxide (CaO) was successfully 
synthesized from duck eggshells via ball 
milling method with milling time of 2, 6, 10, 
and 20 hours followed by calcination at 700 C 
for 7 hours. SEM images showed that longer 
milling time leads to a smaller particle size of 
eggshell powder sample, either before and 
after calcination. X-ray diffractogram showed 
that the calcined eggshell powders contain not 
only CaO, but also Ca(OH)2 and CaCO3. The 
longer milling time causes smaller particle 
size, hence bigger surface area, which causes 
the thermal decomposition reaction goes faster 
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